Vegetation patch-size distributions have been an intense area of study for theoreticians and applied ecologists alike in recent years. Of particular interest is the seemingly ubiquitous nature of power-law patch-size distributions emerging in a number of diverse ecosystems. The leading explanation of the emergence of these power-laws is due to local facilitative mechanisms. There is also a common transition from power law to exponential distribution when a system is under global pressure, such as grazing or lack of rainfall. These phenomena require a simple mechanistic explanation. Here, we study vegetation patches from a spatially implicit, patch dynamic viewpoint. We show that under minimal assumptions a power-law patch-size distribution appears as a natural consequence of aggregation. A linear death term also leads to an exponential term in the distribution for any non-zero death rate. This work shows the origin of the breakdown of the power-law under increasing pressure and shows that in general, we expect to observe a power law with an exponential cutoff (rather than pure power laws). The estimated parameters of this distribution also provide insight into the underlying ecological mechanisms of aggregation and death.
there was not only a power-law distribution evident in the patch-size distri-7 bution, but also a truncated exponential term, when the system was under 8 increased grazing pressure. Similar power-law distribution phenomena have 9 also been detected in a number of other ecosystems including mussel beds 10 [7] and marine benthic diatoms [8] . This phenomena of a power-law distri-11 bution transitioning to an exponential distribution under increasing stress 12 has recently shown to be robust, where diverse ecological models are able to 13 reproduce these results [2] . areas in ecology such as the size of fish schools [12] and marine diatoms [13] . 28 Aggregation phenomena has been more generally studied in the Physical sci- 
i.e. the rate at which a larger patch recruits new growth is greater than for a 
The tail of the patch-size distribution is a power law with exponent 3/2, for more general kernels of the type
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This type of kernel also admits an analytic solution in the large patch-size 119 limit [25, 26] with a steady state distribution of the form where
For a steady state to exist we require −1 < a < 1 and hence the scaling 121 exponent can be found on the interval τ ∈ (1, 2). The dynamics of the 122 equation can be assessed by defining the cross-over time, which is the time 123 taken for a density of patches of a certain size to reach its asymptotic value.
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The cross-over time for a patch of size k * to the steady state solution c k * 125 is found to take the form t = (k * ) z where z = (1 + a)/2. 
The general additive aggregation kernel is again taken to be of the form 
156
Eq. (5) is rewritten as
The asymptotic tail of the resulting patch-size distribution is then sought 158 in order to gain an understanding of how the linear death rate affects the 159 stationary distribution. By using the asymptotic approximation and assum-160 ing k is large, the k-th coefficient in this expansion and hence the density of 161 patches of size k is
where Λ = log(1 + µN ) and N is the total population size (See Appendix A 
173
where k x is the patch-size above which N (s) decreases faster than power-law 174 [2] . Matching terms and assuming µN is small gives the following simple 175 relationship between the cross-over patch size k x and death rate µ as
177
The model therefore predicts an inverse relationship between patch-size cross-178 over and death rate. This also predicts that when the death rate is small 179 enough, the cross-over patch-size k x may be larger than the system size and 180 as such the exponential tail may not be observed in empirical distributions. 
Results
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In order to compare the model predictions of patch formation in an aggre- 
where sets the total reaction rate of the system and was implemented to truncation was fitted to the distribution using a maximum likelihood method
for some normalising factor C. The resulting maximum likelihood estima-
206
tors were found using a downhill simplex method implemented in Matlab
207
R2014a [28] . The approximate solution to the aggregation equation predicts 208 a constant power-law exponent α of 3/2. This is close to the inferred value 209 from simulation for the range of µ values studied (Fig. 1a) . The exponential 210 factor Λ is zero when the death rate is zero (Fig. 1b) give an indication of the underlying dynamics. More complex fragmentation 268 processes than the one discussed would alter these conclusions however, as a 269 non-linear fragmentation process will also lead to self-similar solutions and 
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The moment-generating function C(z, t) = ∞ k=1 c k z k is now considered.
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Multiplying Eq. (6) by z k and summing over all k gives the following
The C 2 term is derived using the relationship where Λ = log(1 + µN ).
